Objective: Although pharmacological studies have indicated that serotonin (5-HT)-evoked contraction of the human coronary artery is mediated by 5-HT -like and 5-HT receptors, the gene expression of 5-HT receptors is still unclear. We examined mRNA expression of constriction of human coronary arteries.
coronary arteries. Our finding provides molecular evidence that the 5-HT receptor may be the 5-HT -like receptor which mediates
Introduction
clinical investigations of patients with coronary atherosclerosis [12, 13] or variant angina [13] [14] [15] [16] [17] . The augSerotonin (5-hydroxytryptamine; 5-HT), which is remented contractile response to serotonin is also demonleased from activated platelets, is a potent vasoactive and strated in animal models of atherosclerosis such as high platelet-aggregating substance [1] [2] [3] [4] . Plasma serotonin cholesterol diet-fed animals [18] and hereditary hyperlevels in coronary sinus have been shown to be increased lipidemic rabbits [19] . in patients with limiting angina and coronary lesions [3, 4] , In pharmacological characterization of receptor subtypes and extensive evidence has shown that serotonin plays an
[20] using 5-HT receptor agonists and antagonists, important role in the pathogenesis of ischemic heart serotonin has been found to contract human large coronary diseases including acute coronary syndrome [1] [2] [3] [4] [5] and arteries through 5-HT -like and 5-HT receptors [21] [22] [23] [24] .
1 2 coronary spasm [6] [7] [8] . Ergonovine is the most commonly However, at present there are limitations to pharmacoused and powerful agent for provocation of coronary logical characterization of 5-HT receptor subtypes in the spasm, which is mediated mainly by 5-HT receptors [9- vasculature, since agonists, antagonists and antibodies 11]. Recently, augmented arterial contractile responses to sufficient to distinguish all 5-HT receptor subtypes are not serotonin and to ergonovine have been demonstrated in yet available, and little is known concerning the gene expression of 5-HT receptors in coronary vessels. We therefore employed reverse transcription-polymerase chain chloroform method of Chomczynski and Sacchi [26] with reaction (RT-PCR) and ribonuclease protection assays to modifications to be described. Briefly, coronary artery identify the gene expression of 5-HT and 5-HT receptor tissues were homogenized with a Polytron homogenizer 1 2 subtypes in human coronary arteries. We found that human (Kinematica) in 20 ml of lysis solution (4 mol / l coronary arteries express both 5-HT and 5-HT receptor guanidinium thiocyanate, 25 mmol / l sodium citrate, 0.5% Forward and reverse primers for each 5-HT receptor and were dissected from the heart and washed with phosphate-GAPDH are shown in Table 2 (top). Double-stranded buffered saline (PBS). The adventitia was carefully recDNAs were synthesized and amplified using 1 U Taq moved and the endothelium was denuded by rubbing the polymerase (TAKARA) and 80 nmol / l primers in 0.05 ml vessels with filter paper moistened with PBS. Each corof 10 mmol / l Tris-HCl buffer (pH 8.3), 50 mmol / l KCl, onary sample was frozen in liquid nitrogen and then 2.0 mmol / l MgCl , 0.5 mmol / l dNTP, 2 mmol / l dithio-2 transported to the laboratory. Total RNA was immediately threitol, and 0.01% gelatin for 35 cycles at 938C, 548C, and extracted by the acid guanidinium thiocyanate-phenol-728C for 1, 2 and 3 min, respectively. The PCR products After the reverse transcription, PCR was performed to detect mRNA for 5-HT receptor subtype with each specific primer. The PCR products were cloned into the pGEM-4Z plasmid or the pCR II plasmid and then antisense riboprobes were generated (see Section 2).
were checked with 0.75% agarose gel electrophoresis and T1 at 378C for 30 min. After simultaneous precipitation of then identified by sequencing with the dideoxy method RNA and inactivation of ribonuclease, the protected frag-(Sequenase Version II DNA sequencing kit, USB) or by ments were separated in 8 mol / l urea-5% acrylamide endonuclease digestion pattern. denaturing gel by electrophoresis and then exposed to an Imaging Plate (BASIII, FUJI XEROX). The relative signal 2.4. Ribonuclease protection assay intensities were determined with an Autoimage Analyzer (BAS2000, FUJI XEROX) [35] . To evaluate the expression of 5-HT receptor mRNA, we performed ribonuclease protection assays. Based on the reported sequences of the 5-HT receptors 3. Results receptors) were amplified with the forward and reverse performing the same RT-PCR procedure without addition primers shown in Table 2 (bottom). The templates used in of reverse transcriptase. GAPDH mRNA, used as a control PCR reaction were human genomic DNAs extracted from gene, was detected in all coronary preparations, suggesting whole blood (for 5-HT receptors) or human coronary that effects of degradation of RNA samples could be PRAII kit (Ambion). Briefly, an aliquot of total RNA (30 5-HT receptor mRNAs were detected in 100% and 93% 1D 32 mg) was hybridized with P-labeled riboprobes for 14-16 of the studied patients, respectively, but 5-HT and 5-1A h at 508C in 80% formamide hybridization buffer, fol-HT receptor mRNAs were detected in only 50% and 1E lowed by digestion with ribonuclease A and ribonuclease 36% of the patients, respectively. There was no relation- To determine the levels of expression of 5-HT receptor with human small intestine total RNA demonstrated the mRNAs detected with RT-PCR, we performed ribonuprotected riboprobe fragment of 188 bases in length, 32 clease protection assays using P-labeled riboprobes for consistent with the 5-HT receptor (Fig. 2B, lane 6 ). were not detected by RT-PCR, which provides superior arteries showed the presence of the protected riboprobe sensitivity. Typical results are shown in Fig. 2 .
fragments of 239 bases in length, consistent with 5-HT 2A Probes for 5-HT receptors were confirmed to receptor (Fig. 2B, lanes 3 and 4) . 5-HT receptor mRNA human brain total RNA, followed by digestion with single and ribonuclease protection assays are summarized in strand-specific ribonucleases and denaturing poly- Table 3 . acrylamide gel electrophoresis, yielded protected riboprobe fragments of 308, 214, 240 and 173 bases in length, consistent with 5-HT , 5-HT , 5-HT and 5-HT 4. Discussion
receptors, respectively ( Fig. 2A, lane 7) . Cohybridization of these riboprobes with total RNA extracted from human In the present study, we identified the subtypes of coronary arteries revealed the presence of the protected coronary artery 5-HT receptors using total RNA isolated riboprobe fragments of 214 bases in length, consistent with from human coronary artery tissues. RT-PCR and ribonu- clease protection assay revealed that 5-HT , and 5-HT phages or autonomic nerves, since our study was per-1B 2A
receptor mRNAs were expressed in all human coronary formed with whole tissues. In particular, in light of the arteries examined. The detection of 5-HT receptor finding of a recent study [38] of expression of 5-HT 1B 2B
mRNA is consistent with the findings of our own previous receptor mRNA in cultured human coronary endothelial PCR studies [36] and that of Bouchelet et al. [37] . 5-HT , cells, it seems possible that the 5-HT receptor mRNA in 1A 2B
5-HT , 5-HT and 5-HT receptor mRNAs were our PCR study might have been derived from a small RT-PCR study. The inconsistent results of the PCR study and cells in which the localization and function of the remain unexplained, but are probably related to the differ-5-HT receptor are unclear [27, 43] . On the other hand,
1A
ences among expression levels of these receptor mRNAs in 5-HT mRNA has not been found in peripheral tissues. detected by both RT-PCR and Northern blot hybridization have been reported to act synergistically in stimulating [40, 41] . They speculated that this discrepancy in findings vasoconstriction [44] [45] [46] , and that 5-HT receptor-me-1B was related to levels of mRNA for the receptor, and that diated vasoconstriction is preferentially augmented by 5-HT receptors are expressed at very low levels in some TXA in vasospastic diseases. Future studies of the were removed carefully in the present study, the major cell ceptors in atherosclerotic human coronary arteries. In population in the coronary artery specimens studied was addition, the serotonin-induced coronary contraction was thought to be vascular smooth muscle cells. study [49] . Further studies must be performed to verify the 
